Small angle X-ray scattering (SAXS) is a powerful technique for the characterization of systems with highly ordered structures, such as liquid crystals and self-assembly systems. In the field of nanotechnology and nanomedicine, SAXS can be used to characterize the crystallographic properties of the crystal phase of lyotropic systems and nanoparticles with internal crystal phase, such as cubosomes, hexosomes and multi-lamellar vesicles. In this work, we introduce a new web platform named SCryPTA: Small Angle Scattering Crystallographic Peak Treatment and Analysis, capable of reading SAXS data and providing a comprehensive visualization of the scattering curve along with the calculation of important physical parameters, such as the lattice parameter of the crystal structure, the lipidic bilayer width, among others.
INTRODUCTION
Amphiphilic molecules have a large spectra of applications, being used in basic sciences as well as in nanotechnology and nanomedicine 1, 2 . Due to its molecular composition, they can selfassemble spontaneously in aqueous solution into several different lyotropic liquid crystalline (LLC) structures 3 . In particular, LLC structures can be mainly classified into different phases, as micellar, lamellar, cubic, and hexagonal according to their structures 4, 5 . LLC are found in vivo 6, 7 , they can be used in the crystallization of membrane proteins 8, 9 , control of chemical reaction in food 10 and as drug delivery systems [11] [12] [13] [14] .
Small angle X-ray scattering (SAXS) is the most indicated technique to elucidate the polymorphism of LLC structure, since it can give information on the crystallographic structure of nanometric particles 15, 16 . For the lamellar phase the water domains are localized between the bilayers, this is the typical structure of systems in the presence of a small amount of water 17 . The normal hexagonal phase (H I ) can be understood as elongated (prolate) or infinite cylindrical micelles, being each one surrounded by six other micelles 4 . The inverse hexagonal phase (H II ) consists of cylindrical inverted micelles of infinite length ordered into 2-D hexagonal arrangement 4 . Based on X-ray crystallographic studies, the cubic phase of lipids were described in the 60's 18 . Later on, different cubic symmetries were elucidated, like the double-diamond like lattice (Pn3m), the body-centered lattice (Im3m), and the gyroid lattice cubic phase (Ia3d) 5, 19 .
Despite the large amount of research dealing with LLC structures, it is not of our knowledge the existence of any web-based platform where the researcher can upload its scattering curve and get the main structural information of LLC-based systems. Thus, we report a web-based platform developed to study the structural features of LLC samples, analyzing the peaks in the SAXS curves. We show some examples of self-assembled structures that can be treated using SCryPTA.
SCryPTA can be used to describe cubic structures (Pn3m, Ia3d, Im3m and Fd3m), hexagonal systems and multilamellar vesicles. We provide a general overview of the platform, using some simple and complexes analysis, as follows.
MATERIALS AND METHODS

SAMPLES PREPARATION
The samples preparation and the experimental setup for SAXS measurements are described in the supplemental material.
SAXS analysis and computational tools
SCryPTA was developed using a Python-based interface, taking advantage of the features of the Jupyter platform. Thus, this web-based application uses well-known Python libraries, such as Numpy, Scipy, Matplotllib and Bokeh, and also a specific peak detection function also developed with Python.
The calculations performed to obtain the lattice parameter and all the other derived parameters use a Gaussian fit procedure. Nevertheless, the user must know that this is an approach and it is quite often that diffraction peaks have no Gaussian profile. SCryPTA fits the data of the first diffraction peak, calculating structural parameter, depending on the symmetry. There are several studies in the literature describing cubic structures for lipids 5, 9, 20, 21 . The structure of three of them (Pn3m, Im3m, Ia3d) can be described in terms of networks of cylinders, connected in different ways: in Pn3m the cylinders are tetrahedrally joined 4-by-4, similar to the diamond structure; for Ia3d the cylinders are coplanarly joined 3-by-3; and finally for Im3m the cylinders are cubically joined 6-by-6 5 . Fd3m structure, on the other hand, is composed by a series of micelles 5, 22 .
SCryPTA can calculate structural parameters of cubic symmetries. For Pn3m and Im3m, SCryPTA can calculate the water channel (cylinder) radius (r w ) and the length of the lipid molecule that forms the bilayer (l L ), i.e, roughly half the length of the lipidic bilayer. In the case of the water channel radius, the following formulas reported in the literature were used 23, 24 :
where r w is the water channel radius, a is the lattice parameter of the respective cubic structure and l L is the length of the lipid molecule in the bilayer, which in turn can be deduced from the lipid volume fraction L formula 4,25 : Euler-Poincare characteristic number 24 , describing the topological space shape 4, 25 . These values for the Pn3m, Im3m and Ia3d are presented in Table S1 in the supplemental material. In addition to the cubic structures, SCryPTA can also calculate some important parameters for lamellar and hexagonal structures, such as the unit cell parameter.
Software Workflow
SCryPTA's interface relies on the execution of several steps using the Jupyter notebook
interface. Fig. 1A shows an overview of application's workflow. Briefly, this tool can read and perform calculations from SAXS experimental data in which diffraction peaks are distinguishable from background scattering. The main function of this application is to identify the crystallographic symmetry present in the scattering pattern, and an optional peak detection function can be enabled to calculate some physical parameters, such as the lattice parameter.
The most basic feature of SCryPTA is to provide easy and fast data visualization, which could be performed right after the data acquisition. Thus, using basic functions of Python's Matplotlib and Bokeh libraries, SCryPTA produces an interactive plot that enables the researcher to explore the dataset.
In order to identify the crystal structure, SCryPTA provides an easy procedure (Fig. 1B) . The user has the option to perform a visual "initial guess" for the position of the first peak and choose a specific symmetry available in the platform. SCryPTA will automatically plot lines indicating SCryPTA can also provide a more accurate characterization using the implemented peak detection and fit functions (Fig. 1C ). By automatically detecting the diffraction peaks present in the dataset, SCryPTA performs a gaussian fit to these peaks, generating the "fitted" position for each peak, with their respective uncertainties. These values are then used to calculate structural parameters for the selected structure. 
RESULTS AND DISCUSSION
In this section, some results obtained using SCryPTA are presented. Besides these examples, the reader can find more information on SCryPTA on the website (www.if.usp.br/scrypta).
Initially, SCryPTA was implemented with four different cubic structures, besides the hexagonal and lamellar phases.
Cubic Structures Monoolein
Monoolein (MO) is a nontoxic, biodegradable and biocompatible amphiphilic molecule used as emulsifying agent and food additive 26, 27 . It exhibits a rich phase diagram with lamellar, cubic and hexagonal phases 5, 25, 28 . Figure 2A shows the SAXS data of MO in excess of water (25mg/ml) in the presence of Cytochrome-c (10mg/ml), along with two possible cubic structures: Im3m (red) and Pn3m (blue). As one can see, the Im3m symmetry is able to describe the peaks positions, whereas Pn3m is not, indicating that it is not appropriate to describe this system.
SCryPTA also calculated the value of the lattice parameter 12.43±0.11 nm, which is in good agreement with the original results 5, 12, 25 . The lipidic bilayer length and the water channel 
Cubosomes (Pn3m)
Phytantriol (PHY) is a well-known active ingredient used in the cosmetic industry, such as hair and skin care products. PHY exhibits similar phase behavior to MO 29 and has gained more recent interest in the biomedical field compared to monoglycerides due to several reasons, such as chemical stability due to the absence of the ester group and can be purchased commercially with high purity (~95%) 20, 29, 30 .
Cubosomes are lipidic nanoparticles, with cubic inner structure 12, 20, 30 , they have shown interesting physicochemical properties and are being considered quite interesting as drug delivery systems 12, 13, 31 . They have higher hydrophilic surface area, being an interesting material for drug delivery systems 13, 32 . The amphiphilic and non-ionic polymer Pluronic® F127 has a quite interesting behavior in the PHY physical properties. Under some specific conditions, stable cubosomes can be produced combining PHY and F127 30 . Fig. 2B shows the SAXS curves of cubosomes composed of PHY and the amphiphilic polymer Pluronic® F127. As one can see, five-to-six peaks are present in the scattering pattern. Once the user defines the position of the first peak, SCryPTA can calculate the predicted positions of the next six peaks, according to the choose crystallographic symmetry. Fig. 2B shows the predicted peak positions for the Pn3m (vertical red lines) cubic phases. The first was defined at q 1 = 1.302±0.008 nm -1 . SCryPTA performed calculations of the structural parameters of this Pn3m structure. The lattice parameter was evaluated as 6.82±0.04 nm, in accordance with the results predicted in the literature 49 . Also, two other important results were obtained: lipidic bilayer length at 1.412±0.009 nm and water channel diameter at 2.512±0.016 nm.
Hexagonal
Nonpolar organic solvents have been widely reported as a convenient method used to dissolve hydrophobic bioactive molecules [34] [35] [36] . Nevertheless, due to its hydrophobic nature, it may induce changes in nanoparticles depending on its concentration. Fig. 2C shows the SAXS diffraction pattern of PHY cubosomes in the presence of chloroform at 0.1 mM. A phase transition from cubic Pn3m to hexagonal (Fig. 2C) was verified using SCryPTA. The lattice parameter of the hexagonal phase was also provided by the application: 4.755±0.026 nm.
Multilamellar (MLVs)
Multilamellar vesicles (MLVs) are spherical concentric vesicles composed by several lamellar lipid bilayers. Fig. 2D shows the SAXS curve of POPC-MLVs. SCryPTA was able to identify the MLV phase in the sample, and also calculated the lattice parameter as 6.35±0.04 nm. Similar values are reported in the literature 37, 38 . In this case, the lattice parameter is interpreted as the center-to-center average distance between two consecutive bilayers. and Fd3m (green lines).
Phase Coexistence
SCryPTA was also developed to study phase coexistence. There are several cases where phase coexistence may occurs. Heftberger et al. 39 Figure 2E shows an example of lamellar (red lines) and hexagonal (blue lines) structures coexisting in solution.
Scrypta is able to differentiate such structures, calculating the parameters of each one. Nevertheless, SCryPTA is not able to calculate the amount (percentage) of each structure in the sample.
Finally, SCryPTA can also be used to elucidate more complex structures. Pracachy oil is a not well studied cosmetic oil extracted from the seeds of Pentaclethra macroloba tree, which grows in Amazonian rainforest. It has interesting properties like antifungal, anti-inflammatory and antibacterial effects 40 . Besides that, it also presents capacity to heal scars fast 41 and also has repellent effect against Aedes aegypti. TWEEN 80 is a well-known polysorbate frequently used in cosmetics and food. It has a well-studied structural behavior in aqueous solutions, forming micellar systems and gel-like LC structures, influenced by external factors such as pH, temperature, pressure and additives as oils and co-surfactants. Accordingly, all the scattering peaks can be represented as a sum of a cubic (Fd3m) with lattice parameter of 17.25 nm, and a hexagonal with unit cell of 21.99 nm (Fig. 2F ). Surely, this is quite an unusual phase coexistence, and more measurements are being performed. Nevertheless, herein our goal is to show the capabilities of SCryPTA rather than the system itself.
CONCLUSIONS
As we have shown along this manuscript, SCryPTA can successfully be used to describe the main structural features of LLC systems, with a user-friendly interface and calculating important structural features. So far, SCryPTA can be used to describe four different cubic structures, Pn3m(Q 224 ), Fd3m(Q 227 ), Im3m(Q 229 ), Ia3d(Q 230 )) and both Hexagonal phases and Multilamellar stacking. In this version of SCryPTA it is also possible to elucidate a mixture of structures in the same sample given the structural parameters of each one (phase coexisting).. We believe that SCryPTA can be used by several different researchers, from nanostructured drug-delivery systems, including nanomedicine, engineering, food science, oil industry and technology. The platform is available at www.if.usp.br/scrypta.
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